Introduction
• With the establishment of a Regional Medical Program Stroke Care Demonstration Center at the University of Mississippi, a need to obtain more information about cerebrovascular disease in the state of Mississippi was recognized. It was thought to be helpful to identify the patients who might benefit the most from investigation and therapy in a small stroke care demonstration unit. Attention was focused on young adults with cerebrovascular disease in whom one might reasonably expect therapeutic and rehabilitative efforts to produce greater benefit than in the older patients.
The literature contains only a few references to the incidence and description of young adults with cerebrovascular disease in the United States. Even less is published about cerebrovascular disease in young Negroes in the southern states. Kurtzke's 1 recent monograph on the epidemiology of cerebrovascular disease points out some of the deficiencies in adequate description of the incidence of strokes in Negroes and in young persons. He feels that strokes in young adults may be looked upon as the normal tail of any frequency distribution. He also believes that there is no true increased incidence of strokes in Negroes.
In order to have a basis for future investigations and selections of patients for specialized treatment in a stroke center, it was decided to review the recent experience in this area at the University Hospital in Jackson.
detail. The patients were requested to come in for follow-up examination if possible, or follow-up evaluation by letter of inquiry or by telephone was obtained of those who were unable to return to the hospital for a detailed examination.
For each type of cerebrovascular disorder, the incidence, precipitating factors, concomitant diseases, therapy, prognosis and various other clinical parameters were compared and contrasted between groups of different ages, race, sex and socioeconomic status.
All records were reviewed by the same person in order to keep the bias in arriving at a diagnosis the same for all categories. The patients were grouped into diagnostic categories consisting of the following: (1) subarachnoid hemorrhage, etiology unknown; (2) aneurysms; (3) arteriovenous anomalies; (4) intracerebral hemorrhage; (5) transient ischemic attacks; (6) cerebral embolism; and (7) cerebral thrombosis. The diagnosis made by the attending physician was not the only basis used in categorizing patients; all available information in the patient's chart was reviewed before the patient was placed into one of the above diagnostic categories. While diagnostic uncertainty of necessity had to remain in a small number of cases, an effort was made to keep the various categories as distinct as possible. The criteria for ascertaining a diaenosis followed in general the outlines cited by Fisher 2 and Gilroy and Meyer. 8 In addition, to be diagnosed as subarachnoid hemorrhage of unknown etiology, a patient had to have had an episode of subarachnoid bleeding as evidenced by bloody and xanthochromic cerebrospinal fluid with little or no focal neurological deficit and had to have had at least bilateral carotid angiographical evaluation to exclude aneurysms, arteriovenous anomaly, etc. Cases of traumatic subarachnoid bleeding were excluded. Patients were diagnosed as having aneurysms or arteriovenous anomalies only if these were demonstrated angiographically. All but six of the aneurysm patients had bled on admission. At least bilateral carotid angiography was performed in all patients with aneurysms and vascular anomalies, and many had four-vessel studies. A diagnosis of intracerebral hemorrhage was made if there was evidence of a bleed into the subarachnoid space shortly after the onset of the stroke and if there was a major focal neurological deficit or if an intracerebral clot was demonstrated on contrast studies. Thus, a small number of patients with possible small intracerebral hemorrhages which could not be demonstrated by lumbar puncture might have been included v with the cerebral thromboses. Transient ischemic attacks were defined in the usual manner (Gilroy  and Meyer 3 ) with resolution within a 24-hour period to be acceptable. Patients who were merely Sfroke, Vol. 1, November-December 1970 dizzy or vertiginous and who did not have other historical or physical evidence of carotid or vertebrobasilar insufficiency were not included. Because of the small number of cases, a distinction was not made between carotid and basil ar-vertebral insufficiency episodes in this survey. In the gTOup of cerebral embolism, only those patients were included who had a definite source of embolization from below the level of the neck vessels, that is, from the heart and other areas. All but one of these patients had known valvular or congenital heart disease or subacute bacterial endocarditis, and one patient had an embolus from manipulation of an arteriovenous shunt. Patients with stenotic or occlusive lesions in the neck who might have dislodged material from their lesions into the cerebral circulation were included in the cerebral thrombosis group because of the difficulty in deciding whether their attacks were of an embolic nature. Patients with cerebral thrombosis were so called if they had a persisting neurological deficit from a vascular insult and clear spinal fluid and did not fit any of the above categories. For the purposes of the present survey, these patients were not further subdivided according to the various vascular territories involved.
Since the University Hospital is a primary referral center for all types of neurological problems, most patients in this series arrived very soon after their cerebrovascular insults in the acute rather than in the chronic or convalescent stage of their disease.
The data are summarized into tables which are presented below.
Results
A total of 207 patients were included in the series. Forty-five percent of these were admitted to University Hospital within less than 24 hours of the onset of their cerebrovascular episode, 33% arrived between 24 hours and seven days of the onset, and 22% arrived later than one week after the onset of their symptoms or had an indefinite history of onset. Table 1 is a summary overview of the patient series. Twenty-one percent were 15 to 30 years of age, 25% were 31 to 40 years of age, and 54% were 41 to 50 years of age. Thus, there is a definite rising trend of the incidence of cerebrovascular disorders in general as the patients get older, even in this young adult group. Forty-two percent of the patients were white and 58% were Negro. This compares quite closely with the overall patient distribution at the University Hospital regard-HAERER, SMITH less of diagnosis, but it is not exactly representative of the population distribution in Mississippi, which is about 42% Negro and 58% white. There were slightly more females in the group and the majority were charity patients. Follow-up and survival data were available on more than 95% of the patients. Table 2 breaks the data down according to diagnosis. The most common diagnosis was cerebral thrombosis, followed by aneurysms, intracerebral hemorrhage, transient ischemic attacks, subarachnoid hemorrhage of unknown etiology, cerebral embolism and arteriovenous anomalies.
The diagnoses found in various age groups are shown in table 3. Aneurysms and cerebral thrombosis are more common in the older decades than among the younger adults in the series. The same, however, cannot be 
468
said for intracerebral hemorrhage and cerebral embolism, which are more common in the ages of 31 to 40 than in the group 41 to 50. Transient ischemic attacks also seem to become more frequent with age. Because of the manner in which the data are subdivided, some of the groups necessarily contain small numbers of patients. Table 4 illustrates the incidence of different types of diagnoses by sex and race. Subarachnoid hemorrhages, whether due to aneurysms or other causes, are more frequent in Negroes than in whites. Aneurysms are almost twice as common in Negro females than in Negro males. Intracerebral hemorrhage is much more common in Negroes and, again, more in females than in males. Transient ischemic attacks are more common in white males. There does not seem to be any great variability in the incidence of cerebral embolism. Cerebral thrombosis is somewhat more common in Negroes than in whites in this series and in both races is more common in males than in females but, considering both sexes, the ratio conforms fairly well to the overall patient ratio by race in this hospital. Table 5 relates information on the percentage of patients who have died in the followup period. This follow-up period varies from one to five and one-half years with the average being two and one-half years.
Of the patients with subarachnoid hemorrhages, approximately half have died. The figures are somewhat lower for arteriovenous anomalies; as expected, they are much higher for intracerebral hemorrhage and very low for transient ischemic attacks. The figures are higher for cerebral embolus than for cerebral thrombosis.
The mortality data for each diagnosis during several portions of the follow-up period are shown in table 6. The cause of death in these patients is not specified at this time. Most of the patients who died with subarachnoid hemorrhage of unknown etiology did so in the first months. More of the patients with aneurysms died in the first month than in the subsequent follow-up time period. There are no consistent trends for the arteriovenous anomalies. The vast majority of the patients with intracerebral hemorrhage who died did so in the first month after admission. There are no consistent trends for the transient ischemic attacks. Patients with cerebral embolism generally died early from heart disease or else had a long survival, and the patients with cerebral thrombosis have a variable survival rate. Table 7 presents information of special interest from the standpoint of choosing the stroke patient with the best prognosis and also the type of patient, therefore, who should have the greatest effort expended toward rehabilitation. The percentage of patients presently working is higher for the group with cerebral thrombosis and transient ischemic attacks than for the other groups; it is approximately 20% in the subarachnoid hemorrhage group and it is very low in the patients with intracerebral hemorrhage and arteriovenous anomalies. The percentage of patients ambulatory without aid at the time of follow-up is close to 50% or better in the patients with thromboembolic episodes; it hovers near 40% in the groups with subarachnoid hemorrhage and is very low in patients with intracerebral hemorrhage. A few patients were alive but ambulatory only with assistance.
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Some laboratory abnormalities in the various groups are illustrated in table 8. A great many patients were hyperglycemic or had various EKG abnormalities some time during their admission; the incidence of frank persistent diabetes meUitus and myocardial infarction was considerably lower in each group. Table 9 gives the percentage of patients with known hypertension prior to their "stroke." This was defined as a well-documented blood pressure of more than 150/100. The presence of hypertension preceding the cerebrovascular insult ranged from 0 to 78.2%, the percentage being highest in the intracerebral hemorrhage group.
A listing of the major concomitant illnesses diagnosed at the time of the cerebrovascular insult in the patients with various types of cerebrovascular diagnoses is summarized in table 10. Concomitant illness (other than hypertension) was much higher in patients with cerebral embolus, cerebral thrombosis and transient ischemic attacks than in the hemorrhagic types of strokes. The various types of therapy employed in these patients are summarized in table 11. These data were obtained for the purpose of self-criticism and speak for themselves. For example, it was discovered that patients with transient ischemic attacks were not, as a rule,
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anticoagulated. Only a small percentage of patients with transient ischemic attacks were treated operatively, although it must be pointed out that the great majority of these patients had complete cerebrovascular evaluations. The majority of aneurysms were treated operatively and some of the patients with emboli and cerebral thrombosis were anticoagulated. Table 12 relates the prognosis of the young patient with cerebrovascular disease to his initial presenting motor deficit when he arrived at the hospital. In each category the patient with the greatest motor deficit on admission had the highest mortality, and it approached 100% in several categories. By and large, an initial nearly normal motor status had a better prognosis in the nonhemorrhagic strokes. In the hemorrhagic group, this difference was not as obvious, except that patients who were completely paralyzed on admission still had a worse prognosis than the other groups. period was much greater if they were alert on admission, less so if they were obtunded, and much worse if they were comatose.
Comments
This appears to be the first large series of young adults with cerebrovascular disease reported from a southern center. It should be noted that this study is in part a retrospective HAERER, SMITH one and contains bias related to referral patterns and patient selection in hospital admissions. Its epidemiological significance is necessarily quite limited. Hopefully, however, it will serve as the basis for a prospective study providing information relative to the prognosis of strokes in the young individual in this part of the country.
In the overall patient group presented here, there is a definite rising trend in the incidence of cerebrovascular disease with age and this agrees with the statement of Kurtzke. 1 In this series, hemorrhagic strokes in young individuals predominate over the thromboembolic ones. Among older individuals in this institution, thromboembolic strokes predominate over the hemorrhagic ones. Thus, it appears that the frequency of hemorrhagic strokes in young individuals is not an artifact due to error in patient selection. This observation is further supported by the work of Kane and Aronson, 4 who found in more than 3,200
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autopsies that lethal cerebral hemorrhage showed a maximum rate of occurrence in the young age group and that the frequency of hemorrhage decreased with increasing age. That study showed, as does this one, that intracerebral hemorrhage developed at a greater frequency in Negroes in the youngest age group than in the white group. In other series, however, from different regions of the United States, this does not necessarily hold true. In Luessenhop's 8 series of 64 cases of intracerebral hemorrhage, only 21 cases occurred between the ages of 20 and 49. Microaneurysms have been described on the small striate arteries of older hypertensive patients. However, in the series of Cole and Yates 6 microaneurysms were noted in only two of 21 patients under the age of 50. It appears unlikely, therefore, that microaneurysms are important in the etiology of the frequent intracerebral hemorrhages of young persons in the present series.
Arteriovenous malformations, which in the present series account for only a few intracerebral hemorrhages, are quite likely to bleed in the younger individual. In the Cooperative Study of Intracranial Aneurysms and Subarachnoid Hemorrhage, 7 a peak incidence of bleeding from malformations seems to be between 30 and 40 years. Sixty-three percent of the first bleeding episodes from arteriovenous malformations occurred between the ages of 20 and 49. Forty-four percent of the arteriovenous malformations were diagnosed between the ages of 21 and 40 and another 19 were diagnosed before the age of 20. Aneurysms, which in the present series constitute a large portion of the cerebrovascular attacks in young individuals, seem to have an increasing incidence toward the age of 50, but the true peak cannot be determined from this study. Again, from the reports of the Cooperative Study, 7 however, 62% of the patients with aneurysms bled between the ages 474 of 40 and 60 and the peak seems to lie between the ages of 55 and 60.
It appears that aneurysms and intracerebral hemorrhages in the present group of individuals are more common on a percentage basis than they are in other hospital series in the United States, where thrombosis and emboli account for 80% of all stroke admissions. 1 The reason for this divergence is not obvious but age differences and patient referral patterns may be partly responsible. Transient ischemic attacks in this, as well as in other reported series, seem to occur more commonly in white males. 8 ' 9 In the present series, one-sixth of the patients with transient ischemic attacks died during the follow-up period. This is a higher incidence than Baker reports, 10 but the series are not quite comparable.
In cerebral thrombosis, an overall mortality of 30% was encountered over a two and one-half year follow-up. These figures resemble the 10% yearly mortality cited by Baker et al., 10 but the present series includes some patients who died while in the hospital and Baker's does not. The reports of Wells and Timberger 11 and Berlin 12 emphasize the favorable prognosis of cerebral thrombosis in young individuals from other areas of this country. The present figures are not quite as optimistic.
The tables dealing with the incidence of preexisting hypertension and the presence of Levine and Swanson 15 discussed nonatherosclerotic causes of strokes in young patients. Their list of concomitant diseases, other than hypertension, diabetes, hyperlipemias and hypotensions, includes some of the concomitant diseases that we have listed previously. It is of interest that in our series only one patient with a cerebral vascular thrombosis was taking oral contraceptives.
The tables relating the prognosis of patients to their initial motor deficit and to their initial level of consciousness produced no surprising information, with one exception. There was no clear relationship between the initial state of consciousness and the prognosis in patients with hemorrhagic strokes in this series. The explanation of this apparent paradox is not evident From the tables dealing with mortality and those describing the patients now working and ambulatory without aid, one would conclude that the greatest effort at rehabilitation should be directed toward individuals with transient ischemic attacks, cerebral embolism and cerebral thrombosis in preference to patients with hemorrhagic disorders.
The predominance of hemorrhagic strokes in this series in young Negroes over young whites, and of transient ischemic attacks in whites over Negroes, is striking. However, only a controlled prospective population study will answer definitively the epidemiological and therapeutic questions arising from these data.
